Table of Contents

Table Of CONTENES ... [
S I 0o [F o o [P 1
0 O o o = o o 1 (o 1
2. Background SUMMArY ...........ooooiiiiiiiiirrere e 3
2.1 ProjeCt ODJECLIVES .....evieeiieeie et ettt te st et teenae e e nneeeesneennens 5
3. ProjeCt TASKS.......uuiiiiiiiiiiiiieeee e 7
4. ProjeCt SUMMAIY ........ceeeieeeiiiiiireieeeeesesireeeeee e s esnneeeeeeesssnansreeeeaeens 15
5. RecommMeNndations.............coooiiiiiiiiiiiiiiiirreeeeeeee e 19
51  DeciSion Tree DevEOPMENT .......ccviiiiiieieriere e 19
52 FUIMNEr TERING...coiiiiiiieiee e 19
53  APD IMPIeMENTELION.......cciiiitirieeiirieeeeeee et 19
54  ReVIEW @NU REVISE.......oociiiiii ettt ettt e sre e 19

cNNQ NE Cinal DAnArt v NAinhtAn A conniatac | imitnd






Chapter 1. Introduction

1. Introduction

This document has been prepared by Deighton Associates Limited (Deighton) and isthe find
report for project SD98-05: Pavement Management Segment Consolidation. This report will
present the results of the study that lead to the enhanced feature in dTIM S that is known as
Autométic Programme Development (APD).

For specifics on the functiondity and cgpabilities of the APD feature of dTIMS 6.1, the reader
isdirected to dTIMS 6.1 Reference Manua — April, 1998. Particularly; Chapter 3, pages 87
— 95, Chapter 4, pages 182 — 189 and Chapter 4, pages 201 — 205.

1.1 Project History

This research project wasinitiated in 1997 when the South Dakota Department of
Trangportation (SDDOT) issued a Research Project Statement (RPS). The RPS stated the
fallowing in the form of a Problem Description.

SDDOT uses Deighton Associates Limited software, dTIMS to analyze life-cycle
costs for various rehabilitation strategies on each segment of road in its network.
To use dTIMS SDDOT dividesits road network into “ homogeneous’ segments.
Homogeneous means that the source data describing the attributes of a segment
are the same throughout the segment’ s entire length. Unfortunately, dTIMS makes
the “ optimal” strategy selection for each segment independent of the segment’s
location, length, or adjacent segment status.

For instance, dTIMS might recommend a particular repair strategy for one
segment, a different strategy for the next and a third strategy for the next, But
each of these three segments may not be of sufficient length to be a stand alone
project or it might be more cost effective to do one project at one time instead of
spreading projects over more years. To combine these segments requires Planning
and Programming staff to manually combine segments so that viable construction
projects can be proposed.

Research is needed to define rules for consolidating segments and to automate
those methods in the dTIMS software.
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Chapter 1. Introduction

Deighton responded to the RPS and based on their proposal was awarded a contract on
November 25", 1997. The software, complete with users guides and an integrated Help
system, was ddlivered to SDDOT on April 30, 1998. All tasks are complete with the

submission of this report.
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Chapter 2. Background Summary

2. Background Summary

Dividing roadsinto “homogeneous’ segments has been amgor problem for dl areas of highway
engineering. Y, thereislittle or no work donein this area guiding usto a proper theoreticd
solution to atough practica problem. Some specific work has been done, but no purdy
theoretical work. For example, Appendix Jin the AASHTO Design of Pavement Structures
manud is devoted to describing “a powerful andytica method for ddinegting Satidticaly
homogeneous units from pavement response measurements.”  This powerful andytica method,
however, presupposes that project lengths are already known; how unfortunate.

dROAD has afunction caled “automatic sectioning” whose purposeis to produce
homogeneous sections.  This function, however, is not based on rigorous theory. Rather, it is
based on brute force. The reason for thisisthe lack of direction from the literature. This too,
by the way, iswhy the congtruction project development problem has stayed on the shelf at
Deghton for so long.

One of the biggest problems this research project will encounter is how to aggregate data from
amdl sectionsto bigger sections. 1ssues such as the following will require careful study, for
example

1. Firg, assumethat dTIMS has been set up to produce alist of feasible Strategies for
each segment. Second, assume that the recommended strategy for segment one is not
even in the lig for segment two. Will this new procedure generate the strategy for
segment two so that it can andlyze the effect of joining segment one and segment two
into congtruction projects? If not, why? If so, why wasn't dTIMS set up to have the
drategy generated for the section segment in the first place?

2. Presumably, when two smdler ssgments are joined into a larger construction project the
cost for the same Strategy is not Smply the sum of the cogts for two individua srategies.
(Condder the savings in mobilization cogts as an example of why this may happen.) If
thisistrue, then the optimization andyssto initidly select the two individua Strategies
was not using the same information as we are ending up with. Does this mean we are
moving away from the optimal solution? Or, is the amount of movement so smdl it's
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Chapter 2. Background Summary

not significant? Or, do we change the origina cost to remove the mobilization factor out
of the origina cost equationsand just add it in later?

3. Using agmilar line of thought, when two identical Strategies are added for two adjacent
segments, are the benefits additive?

4. If aonemilelong ‘oddbal’ segment exists between two fifteen mile ssgments which
have the same recommended strategy, should the oddball be *thrown in” and the two
segments joined together? What if the two segments were each one mile and the
oddball was fifteen miles? If you answered “Yes’ to thefirst and “No” to the second,
whereisthe dividing line?

The specific answers to the above questions are not important. What isimportant, though, is
the number of possible questions that must be answered when performing a function such as that
being proposed here. We must be sure that we ask as many of these questions before the
software code is modified so that the design can be complete. Deighton’s law of code bloat
says “the number of lines of code isinversely proportiona to the amount of forethought that
goesinto adesign.”

For this reason, a the last Deighton user meeting an informal group of people was assembled to
form the “hop scotch user group.” The mandate of the group was to contribute to this
forethought. We think that getting comments from this group will benefit the project.

If we assume the first project ddiverableis areport describing our understanding of the
parameters, the second deliverable will be anew verson of dTIMS. The new verson will have
three software functions not currently availablein dTIMS. These are:

1. A window which accepts the user’ s parameters regarding how the construction project
generdion andysswill act. This screen will get such things as the minimum and
maximum project lengths.

2. A function (presumably initiated from a“Execute’ button on the above window) which
uses the Road, From, and To fiddsin the DT2699 file to automaticaly generate
congtruction projects.

A CNNQ NE Cinal DAnArt s NAiAhtAn A conniatac | imitad



Chapter 2. Background Summary

3. A window that alows for manud override of the congtruction projects. This window
will use agtrip map interface which shows the anadys's segments aong each road with
their optima drategies. It dso shows the resulting congtruction projects with their
drategies. Thisfunction will alow the user to adjust the length and srategy for eech
congtruction project interactively.

2.1 Project Objectives

This project has three research objectives. They are listed in the following with a short
discussion that isintended to communicate the perception of our understanding of the
objectives. A more detailed discussion for each objective can be found in later sections of this
proposal.

Objective One: To develop a set of user definable parameters, or a mechanismto handle
‘open-ended’ parameters which will determine how dTIMSwill generate construction
projects from the analysis segments and its corresponding list of recommended strategies.

One of the most predominant cons derations when making congtruction projectsis
minimum length. For ingtance, it isimpractica to initiate a 500 foot long congtruction
project in the middle of nowhere. Therefore, anyone can say with certainty that one of
the parameters will be minimum length. However, can anyone say that the minimum
length parameter is the same for congtruction projectsin urban areas? How about
trestment type or funding category? Issues such asthis must be identified and clearly
understood.

Other parameters are not quite as certain as minimum length. The project must either
develop an exhaudtive ligt of prioritized parameters; or it must develop a mechanism to
accommodate ‘ open-ended’ parameters. An ‘open-ended’ parameter is user specified.
Without them the next objective will be difficult to satisfy.

Objective Two: To develop procedures that use the above parameters to automatically
generate a set of viable construction projects.
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Chapter 2. Background Summary

This objective prompts the development of afunction in dTIMS that can usethe
parameters to go through the list of analys's segments and test various combinations of
them to see which best meets the criteriafor a congtruction project. Building this
function will not betrivid. It will possbly have to have arecursive component thet
kegps cdling itsdf until dl criteriaare satidfied. Although it is preméature to design the
function here, we do not want to trividize the effort required here.

One of the difficulties in demongtrating that this objective has been stisfied is getting a
congstent, reproducible definition of viable congruction project. The word viable was
used here to digtinguish the resulting construction project from “optimum.” To get the
“optimum” congtruction projects would require atotaly different project going in a
totally different direction. The basic ideaisto produce a set of construction projects
that are reasonably close to those that are currently produced by hand using dTIMS
output.

Objective Three: To provide functionsin dTIMSwhich will allow a user to (a) enter the
parameters of objective one, (b) perform the analysis of objective two, (c) interactively
review and adjust the construction projects which result from the previous function on a
strip map, and (d) print and export the results.

Findly, the project must produce results thet are actudly implemented in dTIMS. After
al the symptom we are trying to reduce is the tremendous (impractical) amount of time
it currently takes SDDOT gaff to St down and rationdlize reasonable construction
projects by manualy combining adjacent road segments. This objectiveisamed a
ensuring this symptom is corrected.

The interface will *borrow’ the strip map technology dready in usein dROAD verson
6. Theword borrow is used because the objectsin dROAD 6 are not directly
trandferableto dTIMS 6 for various reasons. The technology will have to be custom
written for dTIMS.
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3. Project Tasks

Thelist of research tasks to be accomplished during this project is shown below. Thefirg two
tasks, A and B, are generd to dl Delghton projects and not specific to this project. All other
tasks, 1tol11, are specific to this project. Each task is discussed.

Task A: Initiate and maintain the project in Deighton’s Quality System.

Over the past severd years Deighton Associates has been designing and implementing a
Quadlity System for its off-the-shdf software. This qudity system is scheduled for 1SO
9001 certification in October 1997.

Before any project involving the software isinitiated Deighton Staff mugt initiate the
project in the Quaity system. To do this the project manager must St down and create
afile with anumber of documentsin it. These documents include such things asthe
Project Plan, the Requirements Document, the Test Plan, just to name afew.

Each of these documents are meticuloudy maintained throughout the life of the software.
The specific steps are described in detail in Deighton’s Quality Procedures Manudl.

Task B: Change project scope and work plan to incorporate the comments of SDDOT's
project’ stechnical panel.

Deighton will adjust and modify this plan to incorporate al reasonable requests and
ideas from the SDDOT’ stechnical pand.

The word reasonable is used to make it perfectly clear that Deighton has the final say on
al matters dealing with the ddliverables of this project. SDDOT has the right to
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recommend and make suggestions. However, Deighton reserves the right to refuse
suggestions which may jeopardize the successful completion of this project. For
ingance, Deighton will refuse arequest by SDDOT to include a button on the manua
adjust window which will dlow the user to view avideo clip of the affected segments.

Preparing and submitting this document is the how this task will be accomplished. In
this document Deighton has described the project, its objectives, and its scope.
SDDOT has the opportunity to review this document and suggest changes. SDDOT
will submit these suggestions back to Deighton who will accept/negotiate them prior to
reaching any forma agreements.

Task One: Write strip map function for dTIMS,

No matter what the results of the remaining tasks are, the end product of this project
must be manifested in the dTIMS software. The primary user interface for thiswill bea
gtrip map function smilar to the one used in dROAD 6. (See the “View|Element
Locations’ function in dROAD 6)

Theideaisto use the dROAD 6 strip map function as a prototype for asimilar function
indTIMS. The reason anew function has to be built is primarily related to the
difference between data structures used in both systems; dROAD has a much more
sophigticated data structure than dTIMS.

Neverthdess, building the foundation for this strip map function in dTIMS can
commence immediatdly. Objects such asinformation windows and buttons will be
added to this basic strip map later to accommodate any specific functions and
procedures devel oped in subsequent tasks.

Task Two: Investigate and recommend a set of parameters to be used by dTIMSto
control the automatic generation of construction projects.
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Thisis perhaps the most difficult task of the project. During this task Deighton must
solicit input from the SDDOT Technica Pand aswdl as other dTIMS users for the
criteriadTIMS must use when making congruction projects. During this task Deighton
will:

develop a questionnaire which will dlow various experienced dTIMS user’'s
to describe the criteria used to decide on congtruction projects,

as aminimum the parameters will indude: (a) minimum and maximum length
by treatment type and grouping, (b) open-ended parameters (defined
earlier), (C) aparameter to lock out joining adjacent projects of certain
unamicable pavement types.

get commentsfrom SDDOT on the questionnaire by fax, modify it, then
digribute it to SDDOT aswdll as other experienced dTIMS s users;

collect the questionnaire and analyze the results;

summarize the results in the form of adraft report which suggests alist of
criteriato be used in the automated procedure;

distribute the above report to the origind participants,

have a conference cal between Deighton and SDDOT to discuss changes to
the report;

incorporate the comments into a revised report and redistribute;

use the report as the basis for Task three and four.

Task Three: Create a window in dTIMSwhich allows the user to enter the required
parameters and to initiate the automatic generation of construction projects.

Deighton will use the above report to creste awindow in the dTIMS software. This
window will dlow the user to set and/or edit the parameters dTIMS will usein
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automaticaly generating congtruction projects. Thiswindow will ‘remember’ the
Settings the user entered the last time he/she used the function. It will dso be the point
from which the user initiates the function which automatically generates congtruction
projects.

Task Four: Write a function which uses the parameters and dTIMS list of strategiesto
automatically generate a ‘first-cut’ set of construction projects.

Deighton will write afunction which uses the above parameters and the list of dTIMS
drategies to automatically generate a set of condruction projects. Some initial ideas
about this function are listed below (NOTE the highlighted words are specific objectsin
dTIMS described in the help system):

A *“condruction project” will be a set of one or more andyss segments. The
function will not subdivide the andyss ssgments into smdler pieceswhen
forming congtruction projects.

The strategy for acongtruction project will be the aggregation of the
selected strategies for each of itsandysis segment’s. This means that
dTIMSwill smply modify the selected srategies of an existing Budget
Scenario.

This function will have the ability to automaticaly add another Srategy to an
andyss segment’slist of strategies. This drategy will be generated ina
manner dmilar to dTIMS committed treatment. The difference will be
that this new strategy will be added to the existing list of Strategies.

Task Five: Conduct a conference call with SDDOT to review progress of the overall
project.

Have a conference call between Deighton and SDDOT to discuss other ideas about
how this function will operate that may have devel oped as the project progressed.
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Task Sx: Usethe Srip Map function as the basis of a function that allows the user to
manually create and edit construction projects, and their strategies.

Thistask will add the information windows and buttons to the basic strip map function
created in task three. The basic ideafor thisfunction will be to give dTIMS afunction
that will alow auser to create his own congtruction projects manualy. The user can
create them from scratch, or, can modify the projects recommended by the function
developed in task Six.

Task Seven: Develop a print and output function so that optimum and viable
construction projects’ budget information can be output to a printer or afile.

Thisfunction will indlude ar ecal culate button and an undo button which will affect the
budgeting factors. It will dso have aprint and export button which will, among other
things, print the origind optimd drategy for each section dong sde of the congtruction
project segment.

The reader is encouraged to have a demongtration of the “View|Element Locations’
function in dROAD 6 to get an idea of how section limits can be “grabbed” with the
mouse and moved aong the roadway. The processes and capabilities of that function
are how Deighton envisons this function operating.

Task Eight: Make necessary changes to the on-line Help system and the hard copy User
Manual.

The new functions and definitions developed in this project must be incorporated into
dTIMS exiging on-line help sysem. Thistask will ensure that not only is the text
added, but, the context mapping is performed and linked into dTIMS.

Deighton Quality Procedures describe the processes involved in transferring the help
system text into the hard copy manua for dTIMS. Deighton will follow these sepsto
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ensure that an up-to-date hard copy manual is completed by the end of this project and
acopy of thismanua shdl be provided to SDDOT for each license they possess.

Task Nine: Develop atest plan and test the software according to the plan to verify that
the software performs its intended function.

Deighton’s Quality Procedures manua aso outlines the steps necessary to develop a
test plan and to carry out a series of testo verify that the software is functioning as
intended. Deighton will conduct the initid tests and will rely upon a sdect group of
exiging dTIMS usarsincluding SDDOT to perform beta testing of the software
components.

Task Ten: Classify faults and correct all “ bugs.” .

Deighton’s Quality Procedures manuad outlines the steps required by the vice president
of R&D, the project manager and the programmer/andysts to classfy dl faults
discovered during the testing process and correct the bugs. Deighton has procedures
which track each and every fault discovered during al phases of testing.

Bascaly, afault is a perception that the software did not perform according to the
requirements. Faults can be (&) bugs (the software did not provide a function that was
part of the requirements), (b) enhancements (mistaken belief that the software should
have provided a function and the function isNOT in the requirements, but, is desrable),
or (c) misconceptions (mistaken beief that the software should have provided a function
and the function isNOT in the requirements and is NOT desrable). Thistask requires
that Deighton correct al identified bugs before the software is released.

Task Eleven: Write a report presenting the results of this study and provide to ODOT
for review and comments.

19
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Chapter 3. Project Tasks

Deghton will conclude this project with the delivery of afind report that will summarize
the results of thisstudy. Following areview and comment by SDDOT, Deighton will
issue afind verson of the report.
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4. Project Summary

Throughout the course of this research project , Deighton performed dl of the tasks thet are
described in section 1.4 of this report. The following is abrief summary of how the project was
carried out.

The project began with the investigation of the parametersto be used by dTIMS to control the
APD. ThisisTask Two of the project but was tackled first because of the need to solicit input
from a number of individuds that were current dTIM S users but, not directly involved in this
project. Thiswas correctly perceived by Deighton as potentialy being atime consuming
process.

Task Two specificaly involved the investigation and recommendation of a set of parametersto
be used by dTIM S to control the automatic generation of viable construction projects.

To accomplish the objectives of Task Two, Deighton proposed the following:

develop aquestionnaire which will dlow various experienced dTIMS user’sto
describe the criteria used to decide on construction projects;

get commentsfrom SDDOT on the questionnaire by fax, modify it, then
digribute it to SDDOT aswell as other experienced dTIMS s users,;

collect the questionnaire and analyze the results,

summarize the results in the form of a draft report which suggests aligt of criteria
to be used in the automated procedure;

digtribute the above report to the origind participants;

have a conference call between Delghton and SDDOT to discuss changes to
the report;

incorporate the comments into a revised report and redistribute;

use the report as the basis for the development of the viable projects
enhancement.
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Chapter 4. Project Summary

The results of the survey are summarized in the dTIMS Viable Projects Questionnaire
Summary. Deighton anticipated that the task a hand was going to be complicated. The
questionnaire responses confirmed just that.  Although Deighton never asked directly for any
“secrets’ that might make the job eadier, none came. Therefore, the problem was investigated
from severa different angles and an approach developed. Which, in the absence of anything
better, isalittle complicated, but, will work.

While Deighton was waiting for the results of the questionnaire work began on the writing of the
grip map function within dTIMS. This was the Sngle most time consuming task in the project.

The whole idea of the strip map isto (a) draw aline diagram of a particular road showing where
the dements from the inventory file occur dong the road, and (b) let you compare the selected
drategies for each eement from a particular budget scenario with the selected strategiesin
another budget scenario that you manipulate to form programme projects.

The generd logic required to have dTIMS perform APD was developed as part of the summary
of thedTIMS user questionnaire. It was only left to determine how dTIMS would processthe
logic. The approach taken was to layout the logic in aflowchart and identify the decisons that
needed to be made. To help dTIMS answer the questions, Delghton proposed that the user
define adecision tree.

The programming of dTIMS, the second most time consuming task, included Tasks 4, 6 and 7.
The results of this phase of the project can be seen in the software that was delivered to
SDDOT. The new code was ddivered via a patch from the Internet. Through the application
of the patch their current dTIM S 6.0 was upgraded to version 6.1.

In conjunction with the software upgrade, the online Help and Reference Manua were modified
to reflect the enhancements that were made to the software during this research project. This
work was accomplished under Task Eight.

Prior to the ddivery of the dTIMS 6.1, however, Deighton committed a significant effort
towards the in-house testing to verify that the software was working as intended. Thisinvolved
the development of atest plan, as outlined in Deighton’s Quality Procedures manua, necessary
to carry out aseries of tetsto verify that the software is functioning as planned.

The test plan yielded a number of faults that were documented and corrected prior to the
ddivery of the product.
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Chapter 5. Recommendations

5. Recommendations

5.1 Decision Tree Development

Following the review of the software documentation it is recommended that SDDOT commence
with the development of decision tree theory that will be used to modd the current programme
development process in South Dakota.  Any assumptions or background used in the
development of the theory should be recorded in the documentation that accompanies the
decison tree summary.

5.2 Further Testing

The SDDOT decision tree structure should be applied to the SDDOT network for testing the
religbility of the APD. Results of the test program should be used to, not only, debug the
decision tree setup but, also to give additiona  feedback to Deighton regarding the functiondity
of the software.

5.3 APD Implementation

SDDOT mugt develop an implementation plan that will enable the APD to be used in the
development of practical construction projects from the dTIM S optimized construction
programme. It may be wise, as part of the implementation plan, to check results from APD
with the proramme that was produced using current procedures in a previous year.

5.4 Review and Revise

Following the generation of the firgt autometic programme, SDDOT should review the
programme developed with the intent of evaluating the suitability of using decison treesasa
foundation in the congtruction programme process.
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